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,QWURGXFWLRQ
5RDG DFFLGHQWV DUH DQ LVVXH RI PDMRU FRQFHUQ IRU DOO FRXQWULHV LQGHSHQGHQWO\ WR WKHLU OHYHO RI
GHYHORSPHQW KLJKO\GHYHORSHGFRXQWULHVKDYHRI WKH WRWDOPRWRU YHKLFOH IOHHWEXW WKH\FRQWULEXWH
RQO\WRRIWKHJOREDOURDGDFFLGHQWGHDWKV-DFREVHWDO$QHVWLPDWHGPLOOLRQRISHRSOH
DUHNLOOHGZRUOGZLGHHDFK\HDUZKLOHDQRWKHUPLOOLRQDUHLQMXUHG:+2:+2HVWLPDWHVWKDW
URDG DFFLGHQWV ZLOO EHFRPH WKH WKLUG OHDGLQJ FDXVH RI GHDWK E\ WKH \HDU  DIWHU KHDUW GLVHDVH DQG
GHDWKV OLQNHG WRPHQWDO LOOQHVV LIQRHIIHFWLYHDFWLRQVDQGHIILFLHQWPHDVXUHVDUH WDNHQ$SDUW IURPWKH
ORVVRIOLYHVDFFLGHQWVKDYHPXOWLSOHFROODWHUDOHIIHFWVPDWHULDOGDPDJHHQYLURQPHQWDOGDPDJHSDLQWR
VRFLHW\ORVVRISURGXFWLYLW\LPSDFWRQIUHLJKWWUDQVSRUWKHDOWKFRVWVGHOD\VFRQJHVWLRQDQGVRRQ$OO
WKHVHHIIHFWVFRUUHVSRQGWRDFHUWDLQFRVWZKLFKFXPXODWLYHO\UHVXOWVWREHH[WUHPHO\KLJK

 5HVHDUFKRQURDGVDIHW\KDVDWWUDFWHGFRQVLGHUDEOHUHVHDUFKLQWHUHVW LQWKHSDVW WKUHHGHFDGHV0DMRU
IDFWRUV NQRZQ WR DIIHFW VDIHW\ DUH GULYHU FKDUDFWHULVWLFV YHKLFOH IHDWXUHV H[SRVXUH WR ULVN HJ WUDIILF
YROXPHVWUDIILFFRQWUROZHDWKHUFRQGLWLRQVDQGURDGZD\GHVLJQFKDUDFWHULVWLFV7RSUHGLFWWKHVDIHW\RI
WUDQVSRUWDWLRQ V\VWHPV WUDIILF HQJLQHHUV PRGHO FUDVK UDWH RU IUHTXHQF\ DV D IXQFWLRQ RI WKH DERYH
PHQWLRQHG IDFWRUV 7KHVH PHDVXUDEOH IDFWRUV GR QRW FRPSOHWHO\ H[SODLQ DFFLGHQW RFFXUUHQFH DQG VR
PRGHOV W\SLFDOO\ XVHG DUH VWRFKDVWLFPRGHOV LQFOXGLQJ D GLVWXUEDQFH HUURU WHUP'HVSLWH WKHLU IUHTXHQW
DSSOLFDWLRQ WKH DELOLW\ RI VXFK PRGHOV WR UHOLDEO\ LGHQWLI\ LPSRUWDQW DFFLGHQW SUHGLFWRUV LV RSHQ WR
TXHVWLRQ'DYLV5HJDUGOHVVRIPRGHOLQJWHFKQLTXHVDVHULRXVIDFWRURILQDFFXUDF\±LQPRVWSDVW
VWXGLHV±KDVEHHQGDWD DJJUHJDWLRQ /RUG DQG0DQQHULQJ  DQG VDPSOH VL]H LQVXIILFLHQF\ 3DQGH
DQG$EGHO$W\

7UDGLWLRQDOO\PRGHOVZHUHPDFURVFRSLFLQQDWXUHZKHUHUHVHDUFKHUVPDLQO\XVHGVXPPDU\VWDWLVWLFV
UDWKHUWKDQPLFURVFRSLFPHDVXUHVWRGHYHORSWKHPRGHOV7KH$YHUDJH$QQXDO'DLO\7UDIILF$$'7KDV
EHHQPRVWFRPPRQO\XVHGWRUHIOHFWSUHYDLOLQJWUDIILFFRQGLWLRQV.LPHWDO0RXVNRVHWDO
4LQHWDO$$'7LVDQDJJUHJDWHPHDVXUHRIH[SRVXUHWKHXVHRI$$'7WRDSSUR[LPDWHYHKLFOH
NLORPHWHUVWUDYHOHGDWDVLWHPLJKWUHGXFHWKHQDWXUDOYDULDQFHWKDWH[LVWVLQH[SRVXUHGDWDDQGPD\UHVXOW
LQKHDY\XQGHUGLVSHUVLRQ3DVXSDWK\HWDO/DWHUPDQ\DXWKRUVXVHGDJJUHJDWHGGDWDRYHUVKRUWHU
SHULRGV RI WLPH PRQWK RU GD\ IRU GHYHORSLQJ WKH VDPH PRGHOV RWKHUV XVHG GHGXFHG KRXUO\ WUDIILF
FKDUDFWHULVWLFVE\FRPELQLQJ$$'7DQGDGD\KRXUO\ WUDIILFSURILOH IRU WKHVLWHDQDO\]HG,YDQHWDO
1HYHUWKHOHVVHYHQKRXUO\PHDVXUHVFDQQRWFRQVLGHUWKHVKRUWWHUPYDULDWLRQRIWUDIILFIORZDQGDUH
UDWKHU QRW ZHOO VXLWHG IRU DSSOLFDWLRQ WR UHDOWLPH RSHUDWLRQV $V PRVW IUHHZD\V DUH HTXLSSHG ZLWK
FRQWLQXRXV VXUYHLOODQFH V\VWHPV GLVDJJUHJDWH WUDIILF GDWD FROOHFWLRQ LV SRVVLEOH DV ZHOO DV UHDGLO\
DYDLODEOH'LVDJJUHJDWHWUDIILFGDWDKDYHEHHQXVHGLQRQO\DOLPLWHGQXPEHURIVWXGLHV$EGHO$W\HWDO
 .RFNHOPDQ DQG 0D  /HH HW DO  0DGDQDW DQG /LX  :KLOH GHWDLOHG YHKLFOH
PRYHPHQWGDWDLQDVHFWLRQZRXOGEHWKHEHVWGDWDVRXUFHWUDIILFGDWDIURPVHYHUDOFRQVHFXWLYHGHWHFWRUV
LQDVHFWLRQFDQEHDJRRGVXUURJDWHWRLGHQWLI\LQJWUDIILFG\QDPLFVWKDWPD\OHDGWRDFFLGHQWV2KHWDO


5HDOWLPHWUDIILFGDWDKDYHOLWWOHEHHQXWLOL]HGLQURDGVDIHW\DQDO\VHV7KHH[SORUDWLRQRIWKHLQIOXHQFH
RI UHDO WLPH WUDIILF YDULDEOHV RQ DFFLGHQW SDWWHUQLQJ LQ WHUPV RI FUDVK W\SH FRXOG SURYLGH VLJQLILFDQW
LQVLJKWLQWKHDFFLGHQWPHFKDQLVPRIRFFXUUHQFHZKLOHSURYLQJKLJKO\EHQHILFLDO WRWUDIILFDQGLQFLGHQW
PDQDJHUV3DQGHDQG$EGHO$W\XQGHUOLQHGWKHLPSRUWDQFHRIE\FUDVKW\SHDQDO\VLVSDUWLFXODUO\
ZKHQ LW FRPHV WR UHDOWLPH ULVN DVVHVVPHQW 7KH\ VXJJHVWHG WKDW WKH FRQGLWLRQV SUHFHGLQJ FUDVKHV DUH
H[SHFWHG WRGLIIHU E\ W\SHRI FUDVK DQG WKHUHIRUH DQ\ DSSURDFK WRZDUGVSURDFWLYH WUDIILFPDQDJHPHQW
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VKRXOG EH W\SHVSHFLILF LQ QDWXUH 5HDOWLPH GDWD LQWHJUDWLRQ WR DFFLGHQW VHYHULW\ DQDO\VHV RIIHUV WKH
SRVVLELOLW\ WR DVVRFLDWH DFFLGHQW DWWULEXWHV WR WKH DFWXDO WUDIILF IORZ FKDUDFWHULVWLFV DW WKH WLPH RI WKH
DFFLGHQW%DVHGRQWKHDQDO\VLVRIKLVWRULFDOGDWDW\SLFDOWUDIILFSDWWHUQVUHFRUGHGSULRUWRDFFLGHQWVPD\
WKHQ DFW DV UHDOWLPH LGHQWLILHUV $EGHO$W\ DQG 3DQGH  6XFK H[SORUDWLRQV DUH XVHIXO IRU ERWK
UHVHDUFKHUV DQG SUDFWLWLRQHUV LQ HVWLPDWLQJ DFFLGHQW DQG FRQJHVWLRQ H[WHUQDO FRVWV DQG LQ WUDQVSRUWDWLRQ
SODQQLQJ )XUWKHU VXFK DQDO\VHV PD\ HQDEOH SUDFWLWLRQHUV DQG DXWKRULWLHV WR ORFDWH KD]DUGRXV ± RQ
VHYHULW\JURXQGV±VSRWVRQWKHURDGQHWZRUNV)LQDOO\WKH\PD\SURYLGHDGGLWLRQDOLQVLJKWUHJDUGLQJWKH
IDFWRUVWKDWFRQWULEXWHWRKLJKHUSUREDELOLWLHVFRQWH[WIRUVHYHUHLQMXULHVJLYHQWKDWDQDFFLGHQWRFFXUV

7KHREMHFWLYHRIWKLVSDSHULVWRHVWDEOLVKDIUDPHZRUNIRUWKHLQWHJUDWLRQRIUHDOWLPHWUDIILFGDWDLQ
URDGVDIHW\DQDO\VLV7RWKLVHQGZHH[SORUHWKHHIIHFWVRIWUDIILFSDUDPHWHUVRQW\SHRIURDGFUDVKDQGRQ
WKHLQMXU\OHYHOVXVWDLQHGE\YHKLFOHRFFXSDQWV0XOWLYDULDWHDQGRUGHUHG3URELWPRGHOVDUHVSHFLILHGRQ
\HDUV RI GDWD IURP WKH $$ KLJKZD\ VHFWLRQ LQ WKH ,OHGH)UDQFH UHJLRQ )UDQFH :H XVH D
GLVDJJUHJDWHDSSURDFKLQZKLFKWKHXQLWVRIDQDO\VLVDUHWKHFUDVKHVWKHPVHOYHVUDWKHUWKDQDJJUHJDWLRQV
RI FUDVKHV RYHU WLPH DQG WUDIILF GDWD DUHPHDVXUHPHQWV RI YROXPH VSHHG DQG GHQVLW\ RYHU PLQXWH
LQWHUYDOV
(PSLULFDO6HWWLQJ
7RH[SORUHWKHIDFWRUVWKDWGHWHUPLQHDFFLGHQWRFFXUUHQFHE\FUDVKW\SHWKH$$KLJKZD\VHFWLRQ
IURPDGHQVHXUEDQDUHDDIHZPLOHVWRWKHHDVWRI3DULVZDVVHOHFWHG)LJXUH7KH$$MXQFWLRQKDV
DOHQJWKRINLORPHWHUVDQGLQFOXGHVIRXUODQHVSHUGLUHFWLRQWRDQGIURP3DULV,QSDUWLFXODUZHXVHG
PHDVXUHPHQWVIURPVWDWLRQVSHUGLUHFWLRQVLWXDWHGDWNLORPHWHUVGLUHFWLRQWR3DULVDQG
GLUHFWLRQIURP3DULV7KH$$MXQFWLRQLVDSDUWLFXODUVLWHDVLWLVWKHSRLQWZKHUHWKH
,OHGH)UDQFH5LQJ5RDG3pULSKpULTXH$FRLQFLGHVZLWKWKH$XWRURXWHGHO¶(VW$DQGPHUJLQJLV
SUHYDOHQWILYHODQHVDUHUHGXFHGWRIRXURQHDFKGLUHFWLRQ$OOVWDWLRQVDUHVLWXDWHGRQWKHFRPPRQSDUW
RIWKHWZRKLJKZD\VLHDIWHUWKHPHUJLQJDQGEHIRUHWKHLUVHSDUDWLRQ

$FFLGHQWGDWDZHUHH[WUDFWHGIURP%$$&%XOOHWLQVG¶$QDO\VHGHV$FFLGHQWV&RUSRUHOVDORQJZLWK
WKH9HUEDO3URFHHGLQJVRI WKH$FFLGHQWV IURPDSUHYLRXV ,15(76VWXG\ $URQDQG6HLGRZVN\
7KH%$$&ILOHVSURYLGHDZHDOWKRIXVHIXOLQIRUPDWLRQVXFKDVFUDVKW\SHIRUDOODFFLGHQWVORFDWLRQDQG
WLPHOLJKWLQJFRQGLWLRQVDQGLQIUDVWUXFWXUHFKDUDFWHULVWLFVVXFKDVURDGFXUYDWXUHDQGDOLJQPHQW'HWDLOHG
ZHDWKHU GDWD DUH DYDLODEOH RQ D PLQXWH EDVLV :H H[WUDFWHG VXFK GDWD GLUHFWO\ IURP WKH FORVHVW
PHWHRURORJLFDO VWDWLRQ DQG IRU WKH PLQXWH LQWHUYDO LQWR ZKLFK WKH UHSRUWHG WLPH RI WKH DFFLGHQW
RFFXUUHG ,Q WRWDODFFLGHQWVZHUHUHFRUGHGGXULQJ WKHSHULRGDQG:HVWDWLVWLFDOO\
FKHFNHGDQGIRXQGQRVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHDQGUHJLVWUDWLRQV

2457 Zoi Christoforou et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2454 – 2463 

)LJ7KH$$MXQFWLRQ
7UDIILF GDWD IORZ VSHHG RFFXSDQF\ZHUHSURYLGHG DVSDUW RI WKH VDPH ,15(76 VWXG\ $URQ DQG
6HLGRZVN\  DQG FRYHU WKHSHULRG DQGGDWD DUH UHFRUGHGRQPLQXWH LQWHUYDOV
6XFK LQWHUYDOV PD\ EH WRR ODUJH WR FDSWXUH VKRUWWHUP YDULDWLRQV KRZHYHU GDWD DYHUDJHG RQ VKRUWHU
LQWHUYDOV DUH QRW DYDLODEOH )RU HDFK PLQXWH SHULRG WKH WUDIILF GDWDEDVH SURYLGHV D VHULHV RI VSHHG
YROXPHDQGRFFXSDQF\PHDVXUHPHQWVIRUHDFKODQH7KHUHFRUGHGWUDIILFYROXPHDQGVSHHG±XVHGLQWKH
WKHVLV ± ZHUH IRU WKH VL[PLQXWH SHULRG HQGLQJ  PLQXWHV EHIRUH WKH DFFLGHQW IURP WKH FORVHVW
GRZQVWUHDP GHWHFWRU 7KLV WLPH ODJ ZDV XVHG WR DYRLG WKH LPSDFW RI WKH FUDVK LWVHOI RQ WKH WUDIILF
YDULDEOHV DQG DV D EXIIHU WR FRPSHQVDWH IRU DQ\ µLQDFFXUDFLHV¶ LQ WKH H[DFW WLPH RI WKH DFFLGHQW )RU
H[DPSOH LIDQDFFLGHQWRFFXUUHGDWK WKH WUDIILFGDWDFRQVLGHUHGZHUHREWDLQHGIURP WKH
SHULRG 6LPLODU WHFKQLTXHV KDYH EHHQ DSSOLHG LQ RWKHU UHDOWLPH GDWD DQDO\VHV HJ $EGHO$W\ HW DO


/RRSGHWHFWRUVRIWHQVXIIHUIURPSUREOHPVWKDWPD\UHVXOWLQXQUHDVRQDEOHYDOXHVIRUVSHHGYROXPH
DQGRFFXSDQF\:HUHYLHZHGDOOGDWDVHTXHQFHVEDVHGRQWLPHVHULHVGHYLDWLRQVGHYLDWLRQVDFURVVODQHV
DQG ORJLFDO UXOHVGHULYHG IURP UHDVRQDEOH YROXPH RFFXSDQF\ DQG VSHHG UHODWLRQVKLSV$EHUUDQW YDOXHV
HJVSHHG!NPKRUVSHHG!DORQJZLWKIORZ ZHUHGLVFDUGHGIURPWKHGDWDEDVH$FFLGHQWVZLWK
WUDIILFGDWDXQDYDLODELOLW\ZHUHDOVRGLVFDUGHG(DFKREVHUYDWLRQLQWKHGDWDVHWLVDUHFRUGRIWKHFUDVKW\SH
RIHDFKDFFLGHQWWKHFRUUHVSRQGLQJWUDIILFFRQGLWLRQVDQGYDULRXVH[WHUQDOIDFWRUV

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0HWKRGRORJ\
7KHJHQHUDOVSHFLILFDWLRQIRUDXQLYDULDWH3URELWPRGHOIRUDQHYHQWQUHVXOWLQJLQDQRXWFRPHLFDQ
EHH[SUHVVHGDV:DVKLQJWRQHWDO

     

:KHUH
GHILQHVDQXQREVHUYHGYDULDEOHUHSUHVHQWLQJWKHODWHQWXWLOLW\RUSURSHQVLW\IRUDOWHUQDWLYHL
LVDYHFWRURIREVHUYHGFKDUDFWHULVWLFVGHWHUPLQLQJWKHRXWFRPHRIWKHHYHQWQ
UHSUHVHQWVDYHFWRURIXQNQRZQFRHIILFLHQWVWREHHVWLPDWHGIRUWKHDOWHUQDWLYHLDQG
UHSUHVHQWVDYHFWRURIHUURUWHUPV

,IIXUWKHUDVVXPHGWKDW IROORZVWKHQRUPDOGLVWULEXWLRQDQGWKDWL ZHREWDLQWKHVSHFLILFDWLRQ
RIWKHELQRPLDO3URELWPRGHO:DVKLQJWRQHWDO

    

(TXDWLRQHVWLPDWHVWKHSUREDELOLW\RIRFFXUUHQFHRIDOWHUQDWLYHIRUHYHQWQ7KHWHUPV DUH
QRUPDOO\GLVWULEXWHGZLWK]HURPHDQDQGYDULDQFHVıı

$Q\ URDG DFFLGHQW FDQ EH UHJDUGHG DV DQ HYHQW ZKRVH RXWFRPH LV WKH W\SH RI FUDVK WKDW ILQDOO\
RFFXUUHGUHDUHQGVLGHVZLSHHWF7KHELQRPLDO3URELWPRGHORI(TXDWLRQFDQEHXVHGIRUHVWLPDWLQJ
IDFWRUV FRQWULEXWLQJ RU SUHYHQWLQJ D VSHFLILF FUDVK W\SH YHUVXV DOO RWKHU W\SHV 8QGHU WKLV DVVXPSWLRQ
(TXDWLRQ  SURYLGHV WKH SUREDELOLW\ RI RFFXUUHQFH RI D FUDVK W\SH DOWHUQDWLYH  IRU HDFK RI WKH Q
DFFLGHQWV

7KHVHYHULW\IXQFWLRQGHWHUPLQLQJWKHVHYHULW\OHYHOIRUHDFKLQGLYLGXDOLQFDQEHGHILQHGDVIROORZV
*UHHQH

\LQ ȕ;LQİLQ 

:KHUH
\LQGHQRWHVWKHODWHQWLQMXU\ULVNSURSHQVLW\IRUHDFKLQGLYLGXDOLQYROYHGLQDURDGDFFLGHQW
;LQLVDYHFWRURIWKHLQGHSHQGHQWYDULDEOHVFRQVLGHUHGȕLVWKHYHFWRURIHVWLPDEOHFRHIILFLHQWVDQG
İLQLVDUDQGRPHUURUWHUPDVVXPHGWRIROORZWKHVWDQGDUGQRUPDOGLVWULEXWLRQDFURVVLQGLYLGXDOV

,WLVUHDVRQDEOHWRDVVXPHWKDWXQREVHUYHGYDOXHVRILQMXU\\LQFRUUHVSRQGWRREVHUYHGYDOXHVRI
LQMXU\\LQDVIROORZV*UHHQH

  LI\LQȝ QRLQMXU\
\LQ  LIȝ\LQȝVOLJKWLQMXU\
 LIȝ\LQ VHYHUHRUIDWDOLQMXU\

7KUHVKROGVȝȝȝȝDUHFRQVWDQWDQGWREHHVWLPDWHGDORQJZLWKWKHȕ7KHQWKHSUHGLFWHG
SUREDELOLW\RIWKHLQMXU\OHYHOOO IRUJLYHQ;LQLVJLYHQE\*UHHQH
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

   

,QWKHSUHVHQWDQDO\VLVWKHURDGXVHULVWKHXQLWRIDQDO\VLVDQGQRWWKHVSHFLILFDFFLGHQW6LQFHHDFK
LQGLYLGXDO KDV VSHFLILF FKDUDFWHULVWLFV WKDWPD\ LQIOXHQFH WKH VHYHULW\ RXWFRPH GLIIHUHQWLDOO\ WKHUH LV D
SRVVLELOLW\RIDGGLWLRQDOKHWHURJHQHLW\LQWKHPRGHO+RZHYHULQWKHVWDQGDUGRUGHUHGSURELWPRGHOWKH
GLVWULEXWLRQDODVVXPSWLRQGRHVQRWDOORZIRUDGGLWLRQDOKHWHURJHQHLW\EHWZHHQLQGLYLGXDOUHDOL]DWLRQVWKH
UDQGRPSDUDPHWHUPRGHOVDOORZWKHLQIOXHQFHVRIYDULDEOHVDIIHFWLQJDFFLGHQWLQMXU\VHYHULW\SURSRUWLRQV
WR YDU\ DFURVV REVHUYDWLRQV 7KLV LV DFKLHYHG E\ DGGLQJ DQ HUURU WHUP WKDW LV FRUUHODWHG ZLWK WKH
XQREVHUYHGIDFWRUVLQİLQDQGWUDQVODWLQJLQGLYLGXDOKHWHURJHQHLW\LQWRSDUDPHWHUKHWHURJHQHLW\DVIROORZV
*UHHQH

ȕLQ ȕĳLQ      
  
ZKHUHĳLLVDUDQGRPO\GLVWULEXWHGWHUP

7KHVHYHULW\IXQFWLRQQRZEHFRPHV*UHHQH

\LQ ȕ;LQİLQ¶

ZKHUHİLQǯLVWKHQHZHUURUWHUP*UHHQH

İLQ¶ ;LQĳLQİLQ   

(PSLULFDO5HVXOWV
6HSDUDWH ELQRPLDO 3URELW PRGHOV ZHUH DSSOLHG IRU HDFK FUDVK W\SH FRQVLGHUHG SDUDPHWHUV ȕ RI
(TXDWLRQ ZHUH HVWLPDWHG XVLQJ PD[LPXP OLNHOLKRRG 8QLYDULDWH HVWLPDWLRQ UHVXOWV IRU FUDVK W\SH DUH
SUHVHQWHGLQ7DEOH

7DEOH0RGHOHVWLPDWLRQIRUFUDVKW\SHPRGHOV

 'HSHQGHQW9DULDEOHV
 UHDUHQGZLWK
YHKLFOHV
VLGHVZLSHZLWK
YHKLFOHV
UHDUHQGZLWK!
YHKLFOHV
RWKHUPXOWLSOH
FROOLVLRQV
VLQJOHYHKLFOH
FUDVK
,QGHSHQGHQW
9DULDEOHV &RHI WVWDW &RHI WVWDW &RHI WVWDW &RHI WVWDW &RHI WVWDW
FRQVWDQW          
VSHHGNPK          
GHQVLW\YHKNP          
YROXPHYHK          
QLJKWWLPH          
KROLGD\          
JUDGLHQW          
FXUYH          
REVHUYDWLRQV 
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SYDOXH[WHVW     

7DEOH  SURYLGHV PRGHO HVWLPDWLRQ UHVXOWV IRU UHDUHQG FUDVKHV LQYROYLQJ WZR YHKLFOHV VLJQLILFDQW
IDFWRUVZHUHWKHDYHUDJHVSHHGIRUDOOODQHVDQGRYHUPLQXWHVLQNPKWKHDYHUDJHWUDIILFGHQVLW\SHU
ODQHRYHUPLQXWHVLQYHKNPDQGOLJKWLQJFRQGLWLRQV,QSDUWLFXODUYHKLFOHUHDUHQGFUDVKHVVHHPWR
EHPRUHSUREDEOHFRPSDUHGWRDOORWKHUFUDVKW\SHVGXULQJGD\WLPHFRPSDUHGWRQLJKWWLPH5HJDUGLQJ
WUDIILFIORZSDUDPHWHUVUHDUHQGFUDVKHVZHUHIRXQGWREHPRUHSUREDEOHIRUORZHUYDOXHVRIERWKGHQVLW\
DQGDYHUDJHVSHHG6LGHVZLSHFUDVKHVLQYROYLQJWZRYHKLFOHVZHUHIRXQGWREHSRVLWLYHO\DVVRFLDWHGZLWK
ERWKSHU ODQH DQGRYHU PLQXWHV LQ YHKLFOHV DQG URDGJUDGLHQW7KLV VXJJHVWV WKDW WKHSUREDELOLW\ RI
RFFXUUHQFHRIVXFKDVLGHVZLSHFUDVKYHUVXVDOORWKHUFUDVKW\SHVLQFUHDVHVRQµQRQIODW¶URDGVHJPHQWV
DQGIRUKLJKYROXPHVRIWUDIILF7KHRFFXUUHQFHRIUHDUHQGFUDVKHVLQYROYLQJPRUHWKDQWZRYHKLFOHVZDV
IRXQG WREHSRVLWLYHO\DVVRFLDWHGZLWKDYHUDJH WUDIILFGHQVLW\SHU ODQHRYHUPLQXWHV LQYHKNPDQG
W\SHRIGD\ZKHWKHUKROLGD\6XQGD\RUZRUNLQJGD\,QSDUWLFXODUUHDUHQGVLQYROYLQJPRUHWKDQWZR
YHKLFOHVDUHPRUHSUREDEOHWRRFFXUFRPSDUHGWRDOORWKHUFUDVKW\SHVRQ6XQGD\VDQGRQKROLGD\VDQG
IRU KLJK OHYHOV RI WUDIILF GHQVLW\0XOWLYHKLFOH FROOLVLRQV RWKHU WKDQ UHDUHQGV VHHPPRUH SUREDEOH WR
RFFXUDWKLJKVSHHGVGXULQJGD\OLJKWFRQGLWLRQVDQGRQIODWURDGVHJPHQWV6LQJOHYHKLFOHFUDVKHVVHHP
WREHPRUHSUREDEOHFRPSDUHGWRDOORWKHUFUDVKW\SHVRQVWUDLJKWDQGIODWURDGVHJPHQWV

7KHSURELWVSHFLILFDWLRQRI(TXDWLRQZDVHVWLPDWHGXVLQJVLPXODWLRQEDVHGPD[LPXPOLNHOLKRRG
DV PD[LPXP OLNHOLKRRG HVWLPDWLRQ RI WKH UDQGRP SDUDPHWHUV RUGHUHG SURELWPRGHO LV FRPSXWDWLRQDOO\
FXPEHUVRPH$QDVWDVRSRXORVDQG0DQQHULQJ+DOWRQGUDZVZHUHXVHGWRHVWLPDWHWKHSDUDPHWHUV
WKDWPD[LPL]HG WKH VLPXODWHG ORJOLNHOLKRRG IXQFWLRQ DQG QRUPDO WULDQJXODU DQG XQLIRUP GLVWULEXWLRQV
ZHUHFRQVLGHUHGIRUWKHIXQFWLRQDOIRUPRIWKHSDUDPHWHUGHQVLW\IXQFWLRQ7KHVWDQGDUGGHYLDWLRQRIWKH
SDUDPHWHUGLVWULEXWLRQZDVVLJQLILFDQWO\GLIIHUHQW IURPIRUDOOEXWWZRRIWKHYDULDEOHVLQFOXGHGLQWKH
ILQDO PRGHO DYHUDJH VSHHG LQ ORZ WUDIILF FRQGLWLRQV DQG WUDIILF YROXPH ZDV IRXQG WR KDYH IL[HG
SDUDPHWHUV DFURVV WKH SRSXODWLRQ RI URDG XVHUV 7KH QRUPDO GLVWULEXWLRQZDV IRXQG WR SURYLGH WKH EHVW
VWDWLVWLFDO ILW IRU WKHGHQVLW\ IXQFWLRQRI WKH UDQGRPSDUDPHWHUV0RGHOHVWLPDWLRQ UHVXOWVDUH VKRZQ LQ
7DEOH  5HVXOWV LQGLFDWH WKDW WKH UDQGRP SDUDPHWHUV PRGHO VLJQLILFDQWO\ RXWSHUIRUPV WKH IL[HG
SDUDPHWHUVPRGHOEDVHGRQERWKWKHORJOLNHOLKRRGDWFRQYHUJHQFH//ȕDQGWKHRYHUDOOZKLFKLPSURYH
QRWLFHDEO\ZKHQPRYLQJIURPWKHIL[HGWRWKHUDQGRPSDUDPHWHUVVSHFLILFDWLRQ:DVKLQJWRQHWDO

7DEOH0RGHOHVWLPDWLRQIRULQMXU\VHYHULW\PRGHOV
 )L[HG3DUDPHWHUV 5DQGRP3DUDPHWHUV
,QGHSHQGHQW
YDULDEOHV FRHIILFLHQW WVWDWLVWLFV FRHIILFLHQW WVWDWLVWLFV
FRQVWDQW    
KROLGD\    
QLJKWWLPH    
ZHWURDGVXUIDFH    
FXUYH    
µ$QFLHQZ¶    
ZKHHOV    
KHDY\YHKLFOH    
µ94¶    
YROXPHYHK    
7KUHVKROGV    
ȝ    
ȝ    
1XPEHURIREVHUYDWLRQV   
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/RJOLNHOLKRRGZLWKFRQVWDQWRQO\//,   
/RJOLNHOLKRRGDWFRQYHUJHQFH//ȕ   
 //,//E//F   

7KHW\SHRIWKHGD\ZRUNLQJGD\RUZHHNHQGKROLGD\RQZKLFKWKHDFFLGHQWRFFXUUHGZDVIRXQGWR
KDYHDQHIIHFWRQWKHVHYHULW\RXWFRPH,QSDUWLFXODUDFFLGHQWVRFFXUUHQFHRQZHHNGD\VVHHPVWRLQFUHDVH
WKHVHYHULW\RXWFRPHVXVWDLQHGE\PRVWYHKLFOHRFFXSDQWVEXWWKLVHIIHFWYDULHVDFURVVWKHSRSXODWLRQRI
YHKLFOH RFFXSDQWV 7KH OLJKWLQJ FRQGLWLRQV ZHUH DOVR IRXQG WR EH VLJQLILFDQW LQ WKH LQMXU\ RXWFRPH
6SHFLILFDOO\GD\OLJKWFRQGLWLRQVZHUHIRXQGWRH[HUFLVHDSRVLWLYHLHGHFUHDVLQJDQGYDULDEOHLQIOXHQFH
RQ WKH VHYHULW\RXWFRPHRI URDGXVHUV LQYROYHG LQDFFLGHQWV(YHQ WKRXJKZHDWKHUFRQGLWLRQVZHUHQRW
IRXQGWRGHWHUPLQHVHYHULW\URDGVXUIDFHFRQGLWLRQVVHHPWRVLJQLILFDQWO\DIIHFWLW1RUPDOURDGVXUIDFH
FRQGLWLRQV YV ZHW VLJQLILFDQWO\ LQFUHDVH DFFLGHQW VHYHULW\ EXW WKHLU HIIHFW LV QRW WKH VDPH DFURVV
GLIIHUHQW LQGLYLGXDOV )XUWKHU DV DQWLFLSDWHG YHUWLFDO URDG FXUYDWXUH ZDV IRXQG WR LQFUHDVH WKH LQMXU\
VHYHULW\RILQGLYLGXDOVLQYROYHGLQFUDVKHV7KHYDULDEOHFDSWXULQJWKHFRPELQHGHIIHFWRIUDLQ\ZHDWKHU
DQGGULYHUV¶H[SHULHQFHµDQFLHQZ¶ZDVGHILQHGWRH[SORUHWKHSRVVLEOHDVVRFLDWLRQEHWZHHQVHYHULW\DQG
WKHEHKDYLRURILQH[SHULHQFHGGULYHUVKROGLQJUHFHQWGULYLQJOLFHQVHVXQGHUDGYHUVHZHDWKHUFRQGLWLRQV
,QGHHG LW ZDV IRXQG WKDW XQGHU VHYHUH ZHDWKHU FRQGLWLRQV VXFK DV VQRZ VHYHULW\ OHYHOV LQFUHDVH IRU
µUHFHQWGULYHUOLFHQVHV¶LQH[SHULHQFHGGULYHUV,QGHHGLWZDVIRXQGWKDWXQGHUVHYHUHZHDWKHUFRQGLWLRQV
VXFK DV VQRZ VHYHULW\ OHYHOV LQFUHDVH IRU µUHFHQW GULYHU OLFHQVHV¶ LQH[SHULHQFHG GULYHUV7KLV ILQGLQJ
LPSOLHV WKDW XQGHU ILQH ZHDWKHU FRQGLWLRQV WKHUH LV QR VLJQLILFDQW HIIHFW RI WKH GULYHU¶V H[SHULHQFH RQ
VHYHULW\RXWFRPH2QWKHFRQWUDU\LQFUHDVHGH[SHULHQFHFDXVHVDVLJQLILFDQWUHGXFWLRQLQWKHSUREDELOLW\
RI VHYHUH DFFLGHQWV LQ UDLQ\ ZHDWKHU 7ZR RI WKH H[SODQDWRU\ YDULDEOHV H[DPLQHG UHIHU WR WKH W\SH RI
YHKLFOHLQZKLFKWKHURDGXVHUZDVWUDYHOOLQJDWWKHWLPHRIWKHDFFLGHQW5HVXOWVLQGLFDWHWKDWSUDFWLFDOO\
DOO ZKHHOV ULGHUV KDYH VLJQLILFDQWO\ KLJKHU SUREDELOLWLHV RI JHWWLQJ VHYHUHO\ LQMXUHG LI LQYROYHG LQ
DFFLGHQWV ,Q FRQWUDVW SUDFWLFDOO\ DOO KHDY\ YHKLFOHGULYHUV DQGSDVVHQJHUV DOO GLVWULEXWLRQ DERYH ]HUR
KDYHVLJQLILFDQWO\ORZHUSUREDELOLW\RIVXIIHULQJDVHYHUHLQMXU\ZKHQLQYROYHGLQFUDVKHV

7XUQLQJ WR WUDIILF FKDUDFWHULVWLFVPRGHO HVWLPDWLRQ UHVXOWV LQGLFDWH WKDW WKH\ KDYH IL[HG SDUDPHWHUV
DFURVVREVHUYDWLRQVDVWKHVWDQGDUGGHYLDWLRQZDVQRWIRXQGWREHVLJQLILFDQWO\GLIIHUHQWIURP]HUR7KH
QHJDWLYH VLJQRI WKH WUDIILFYROXPHFRHIILFLHQW LPSOLHV WKDW IRU ORZHU WUDIILFYROXPHV WKHSUREDELOLW\RI
PRUH VHYHUH DFFLGHQWV LV VLJQLILFDQWO\ KLJKHU 7KH ODWWHU FRPHV WR YHULI\ WKH FRPPRQ DVVXPSWLRQ WKDW
XQGHUIUHHIORZGULYHUVWHQGWRWUDYHODWKLJKHUVSHHGVDQGWKXVWKHVHYHULW\OHYHORISRWHQWLDODFFLGHQWV
LQFUHDVHV *RORE HW DO 4XGGXV HW DO  7KH 6FRWWLVK2IILFH&HQWUDO 5HVHDUFK8QLW 
,QGHHG WKH DYHUDJH VSHHG GHYHORSHG XQGHU GHQVH WUDIILF FRQGLWLRQV ! YHKLFOHVODQHKRXU ZDV
IRXQGWRKDYHDVLJQLILFDQWDQGSRVLWLYHDVVRFLDWLRQZLWKVHYHULW\DVWKHFRUUHVSRQGLQJYDULDEOHµ94¶
KDV D SRVLWLYH SDUDPHWHU FRHIILFLHQW  7KLV LPSOLHV WKDW EH\RQG D JLYHQ WUDIILF YROXPH OHYHO
ODQHKRXU KLJKHU VSHHGV LPSO\ KLJKHU SUREDELOLW\ IRU PRUH VHYHUH DFFLGHQWV +RZHYHU WKHUH
DSSHDUVWREHQRVLJQLILFDQWGLIIHUHQFHEHQHDWKWKLVWUDIILFYROXPHWKLVFDQEHDWWULEXWHGWRWKHGLVSHUVLRQ
RIVSHHGVXQGHUIUHHIORZDWDUDWKHUUDQGRPPDQQHUDQGGRHVQRWDIIHFWVHYHULW\LQDFRQVLVWHQWSDWWHUQ
&RQFOXVLRQV
:HH[DPLQHGWKHHIIHFWVRIYDULRXVWUDIILFSDUDPHWHUVRQFUDVKW\SHDQGLQMXU\VHYHULW\3URELWPRGHOV
ZHUHVSHFLILHGRQ\HDUVRIGDWDIURPWKH$$KLJKZD\VHFWLRQLQWKH,OHGH)UDQFHUHJLRQ)UDQFH
7KHHPSLULFDOUHVXOWVLQGLFDWHGDVWURQJDQGFULWLFDOLPSDFWRISUHYDLOLQJWUDIILFFRQGLWLRQVXSRQDFFLGHQW
RFFXUUHQFHV 7UDIILF VSHHG DQG YROXPH ZHUH IRXQG WR DOPRVW H[FOXVLYHO\ GHILQH FUDVK W\SH DQG WR
VLJQLILFDQWO\ DIIHFW WKH LQMXU\ VHYHULW\ OHYHO VXVWDLQHG E\ YHKLFOH RFFXSDQWV LQYROYHG LQ DFFLGHQWV 7KLV
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RYHUDOO FRQFOXVLRQ VXJJHVWV WKDW VLPLODU DFFLGHQW LQYHVWLJDWLRQV VKRXOG FRQVLGHU WKH DFWXDO WUDIILF
FRQGLWLRQVDWWKHPRPHQWRIWKHDFFLGHQWRFFXUUHQFHV

7KHSDSHUFRQWULEXWLRQWRUHVHDUFKVWDWHRIWKHDUWDQGSUDFWLFHLVPDQLIROGDVUHDOWLPHWUDIILFGDWDDUH
UHDGLO\DYDLODEOHLQPRVWIUHHZD\VDQGVKRZVLJQLILFDQWSRWHQWLDOIRUUHVHDUFKDQGDSSOLFDWLRQV+RZHYHU
UHODWHGZRUNKDVEHHQOLPLWHGLQWKHSDVW\HDUV,QIUHHZD\LQFLGHQWUHVHDUFKPRVWVWXGLHVXVHDJJUHJDWLRQ
RIH[SRVXUHGDWDQHJOHFWLQJ WKHLUQDWXUDOYDULDQFHZKLFKPD\UHVXOW LQKHDY\XQGHUGLVSHUVLRQ:HXVHG
WUDIILF GDWD DYHUDJHG RYHU D PLQXWH LQWHUYDO DQG FROOHFWHG UHDOWLPH DW WKH PRPHQW RI WKH LQFLGHQW¶V
RFFXUUHQFH)URPDPHWKRGRORJLFDOVWDQGSRLQWVXFKGLVDJJUHJDWLRQPLQLPL]HVSRVVLEOHELDVDQGSURYLGHV
EHWWHU HVWLPDWHV 0RUHRYHU WKH H[SORUDWLRQ RI WKH LQIOXHQFH RI UHDOWLPH WUDIILF YDULDEOHV RQ LQFLGHQW
RXWFRPHVLQWHUPVRIERWKW\SHDQGVHYHULW\SURYLGHGVLJQLILFDQWLQVLJKWLQWKHLQFLGHQW¶VPHFKDQLVPRI
RFFXUUHQFH
'LVFXVVLRQ
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